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The inhibitory potency of both muramic acid (MurAc) and N-acctylmuramic acid (MurNAc) on various legume lectins. including GlclMan- and 
GaVGalNAc-specific lectins. was investigated by a haemagglutination inhibition technique. Data indicated that many lectins, especially those 
specific for W/Man. specifically interact with MurAc and MurNAc often to a greater extent than with other monosaccharides and their derivatives, 
such as N-acctylglucosamine (GicNAcJ and siaiic acid. GWMan-specific lectins were also shown to interact with the muramyl-dipeptidc MwrNAc- 
D-Ala-D-isoWn. These interactions could explain why various lectins readily agglutinate some bacterial strains of which cell walls contain 
pcptidoglycans with high amounts of MurNAc. 
Muramic acid: N-Acctylmuramic acid; Muramyl-dipcptidc: Inhibition of hacmagglutination: Legume lectin 
1. INTRODUCTION 
To date, interactions between legume lectins and sim- 
ple or complex sugars have been fairly well documented. 
especially by checking the ability of different mono- or 
oligosaccharides to inhibit the haemagglutinating 
power of various lectins towards either human or ani- 
mal erythroqtess [l]. According to their broad sugar 
specificities determined by this hapten-inhibition techni- 
que, lectins from the Legtmir~oscre were classified into 
five different groups [ 1.21. Most of the lectins identified 
so far. fall into two of these groups, corresponding re- 
spectively to the glucose/mannose-binding lectin (GW 
Man-specific lectins) and the galactose/N-acetylgalacto- 
samine-binding lectins (GaVGalNAc-specific lectins). 
However, to our knowledge, no systematic investigation 
was performed on the recognition by legume lectins of 
muramic acid (MurAc) and N-acetylmuramic acid 
(MurNAc). These two monosaccharides are widely dis- 
tributed in the cell wall of bacteria [3], and their interac- 
tion with lectins could explain the previously reported 
agglutination of various bacteria by legume lectins [4.5]. 
(MurNAc), wcrc purchased from Sigma. Muramyl-dipeptides: Mur- 
NAc-L-Ala-D-isoGln (MDP L-D or adjuvant peptide). MurNAc-D- 
Ala-D-isoGln (MDP D-D) and MurNAc-L-Ala-L-iso-Gin (MDP L- 
L). wcrc purchased from Sigma. 
The Glc/M&pccific lcctins from Ltr//r.rrrrs ocl~rus (LoLI + LoLII). 
I!,. /iuRi/orrrts (LtinL). Pisrm~ soriurnr (PsA) and f.e,ls crr/i~~rrri.s (Lch). 
wcrc isolated from seed meal extracts by affinity chromatography on 
Sephadcx G 100 (Pharmacia) and subsequent elution wiih 0.1 M glu- 
cose [6]. The separation of the tivo L. achrus isolectins. LoLl and 
LoLII. was performed by chromatofocusing on PEE 94 (Pharmacia) 
in the pH range b::twccn 8.4 and 5.0. as described in [7]. The two 
GaVGalNAc-specific !c CiiM from Bltlrtr J-orlc~o.scc (BfL) and G[r~irrc 
IWS (SBA). were puriticd from seed meal extracts by aflinity chroma- 
tography c-n lactose immobilized on 4% crosslinkcd agarosc (Pierce) 
[S] and on galactosaminc derivatizcd CH-Scpharosc 40 (Pharmacia) 
[9]. rcspcctivcly. Lcctins from Doliclros h~fhw~ (DbL) and Er~*t/rriutr 
c,orct//ut/~,tlllrut~ (EcoL). were purchased from Sigma. 
2. MATERIALS AND METHODS 
2. I . Mortosu~~/i(i,Llcs otrtl tiIrrrrrtr~~l-r/ipepri~i~ls 
All monosaccharides used in iik study: D-glucose (Glc), D-man- 
nose (Man), D-galactose (Galj. glucosamine (GlcN). galactosamine 
(GalN). N-acctylglucosaminc (GlcNAc), N-acetylgalactosaminc(Gal- 
NAc). N-acctylneuraminic acid (NcuAC). a-methyl-mannopyrano- 
side (MeMan). muramic acid (MurAc) and N-acctylmuramic acid 
The hapten-inhibition technique was carried out in U-bottomod 
micro-plates (Flow Laboratories). The wells wcrc filled with 25 /rl ol 
2-fold serial dilutions of IO mM haptcn in Tris-buffered saline (pH 
7.2). Twenty five /rl of lectin solution in TBS. corresponding to 4 
hacmagglutination doses. were added and after a I h incubation pc- 
riod at room temperature. 25 ~1 ot’a I% suspension of human ORh+ 
erythrooytes (AIRh+ crythrocytes for Dbl) in TBS were added. After 
mixing. inhibition of hacmagglutination was estimated 2 h and I2 h 
later. respectively. Results wcrc cxprcsscd as the minimum conccntra- 
lion (mM) of haptcn required to complctcly inhibit 4 hacmagglutina- 
tion doses. Account was taken of the 3-fold dilution caused by the 
addition of Win and crythrocytcs. 
3. RESULTS 
Cur~espofll/[~/rc,~ oclchw: P. Roug& Laborntoire dc Biologic Ccllulaire. 
FacultL’ des Scicnccs Pharmaccutiques. Univcrsiti: Paul Sabaticr. 35 
chemin dcs Maraichcrs. 31062 Toulouse. France. Fax: (33) (62) 
262633. 
The inhibitory potency of 11 different monosacchari- 
des towards various Glc/Man-specific lectins (Table 1). 
showed that both MurAc and MurNAc behave as po- 
tent inhibitors of all the assayed lectins. except for the 
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Table I 
Inhibition of GWMan- and GallGalNAc-specific lcgumc lectins by monosaccharides 
Lectins Specificity 
MeMan Man Glc 
Inhibitory concentration (mM) 
GICN GlcNAc MurAc MurNAc Gal GalN GalNAc NcuAc 
LOLI Glc/Man 0.21 1.65 3.3 23.3 B3.3 0.41 3.3 >3.3 23.3 >3.3 3.3 
LOLII Glc/Man 0.21 1.65 I.65 >3.3 B3.3 I.65 3.3 s3.3 >3.3 >3.3 3.3 
LtinL GWMan 0.41 1.65 B3.3 r3.3 >3.3 0.21 1.65 23.3 13.3 >3.3 I.65 
PSA GWMan 0.21 1.65 B3.3 >3.3 >3.3 0.41 0.82 >3.3 B3.3 23.3 0.82 
LcA Glc/Man 0.82 3.3 >3.3 a3.3 b3.3 3.3 3.3 >3,3 >3.3 >3.3 0.82 
DbL Gal/GalNAc >3.3 b3.3 >3.3 B3.3 23.3 I .G5 I .65 0.41 I .65 0.21 0.21 
ECOL GaVGalNAc >3.3 r3.3 >3.3 >3.3 B3.3 B3.3 23.3 1.65 3.3 0.41 3.3 
SBA GaVGalNAc >3.3 r3.3 >3.3 >3.3 b3.3 I .65 I .65 0.82 0.82 0.05 3.3 
BfL Gal/GalNAc a3.3 >3.3 23.3 >3.3 >3.3 1.65 0.82 I.65 1.65 0.21 I .65 
lentil lectin (LcA). MurAc was found to be 2- to &fold 
less inhibitory than methyl oz-mannoside, one of the 
most potent inhibitors of these Glc/Man-specific lectins, 
but 4- to g-fold more inhibitory than glucose. However 
MurAc was a somewhat better inhibitor than methyl 
a-mannoside towards the LN~/IJVXIS tingitarnrs lectin 
(LtinL). MurAc was 2- to g-fold more inhibitory than 
MurNAc. Sialic acid had approximately the same acti- 
vity as MurNAc. Lentil lectin (LcA), exhibited a diffe- 
rent behaviour. since it was equally well weakly inhibi- 
ted by MurAc and MurNAc. From these data, the inhi- 
bitory potencies of the checked monosaccharides are: 
MeManzMurAc>h4an,NeuAc>MurNAc>Glc. 
No steric hindrance introduced by the presence of the 
CH3-C ‘H-COOH group at the C-3 position of MurAc, 
is likely to hamper the binding to the monosaccharide- 
binding site. This substitution introduces an apolar 
CH3 group within a region where the binding of glu- 
cose, mannose and their methyl-derivatives was shown 
to involve mainly hydrophilic amino acid residues. e.g. 
Arg”’ in Con A [IO] or Gly” in LoLl [I I]. By compari- 
son with MurAc, the 2- to g-fold decrease of the inhibi- 
tory potency of MurNAc suggests that the acetylated 
group at the C-2 position could create a steric hindrance 
responsible for the lower binding of MurNAc. although 
the C-2 substituents of both glucose and mannose did 
not interact with the monosaccharide-binding site of 
Con A [iO] and LoLl [I I]. :,;A, which interacts equally 
well with MurAc and MurNAc. has a different beha- 
viour. Three (DbL, SEA, Bfl) of the four checked Gal/ 
GalNAc-binding lectins, also reacted with MurAc and 
MurNAc, but at a lesser extent (Table 1). Accordingly, 
N-acetyl-galactosamine, their strongest inhibitor, was 
found to be 8- to 64-fold more inhibitory. while galac- 
tose was only 2-fold more inhibitory. How- 
ever, no difference occurred between MurAc. MurNAc 
and sialic acid. which were found to be equally well 
inhibitory. Lectin from E. c’ordiot/er~dtwr~ was strongly 
inhibited by N-acetylgalactosamine and. to a lesser ex- 
tent. by galactose. but was almost unreactive towards 
MurAcand MurNAc (Table 1). The inhibitory potencies 
of the monosaccharides range as follows: Gal- 
NAc>Gal>GalN,NeuAc>MurNAc>MurAc. Out of 
the three myramyl-dipeptides, only the diastereo-isome- 
ric MurNAc-D-Ala-D-isoGln (MDP D-D). inhibited 
the Glc/Man-specific lectins but was almost unreactive 
towards other GaVGalNAC-specific lectins (Table II). 
The two other muramyl-dipeptides, MurNAc-L-Ala-D- 
isoGln (MDP L-D) and MurNAc-L-Ala-L-isoGln 
(MDP L-L), were weakly active towards all the checked 
lectins. These findings suggest that some stereospecifi- 
city might occur in the recognition of the MurNAc- 
bearing peptides by legume lectins. 
4. DISCUSSION 
Until now, very few lectins were shown to interact 
with MurAc- or MurNAc-containing saccharides or 
glycopeptides. GlcNAc-specific lectins from thorn apple 
(Datuw stranlot7ium) and potato (Solunrrrt~ tuhe~osum), 
both from the family Sokuwcrceue, were reported to inter- 
act with MurNAc-containing bacterial cell-wall oligo- 
saccharides [12,131. Wheat germ agglutinin (WGA) pre- 
cipitated bacterial peptidoglycan and teichoic acid [ 141. 
and reacted with the bacterial cell-wall tetrasaccharide 
Table II 
Inhibition of GWMan- and GaVGalNAc-specific Icgumc lectins by 
muramyl-dipcptidcs 
Lcctin 
LOLI 
LOLII 
LtinL 
PsA 
LcA 
DbL 
ECOL 
SBA 
III-L 
Spccitici~y Inhibitory concentration (mM) 
MDP D-D MDP L-D MDP L-L 
Glc/Man 0.21 3.3 >3.3 
GWMan 0.21 1.65 B3.3 
Glc/Men 0.21 3.3 B3.3 
Glc/Man 0.21 23.3 >3.3 
GWMan I .65 >3.3 p3.3 
GallGalNAc 3.3 >3.3 >3.3 
GallGalNAc b3.3 >3.3 3.3 
GallGaINAc 3.3 3.3 23.3 
GallGalNAc 3.3 3.3 3.3 
!03 
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GlcNAc Cj31-4)MurNAc (B I -4)GlcNAc(Bl-4)MurNAc 
[15]. Limulin was also reported to interact with teichoic 
acid [16,17]. Other invertebrate lectins from crabs 
[l&19] and scorpions [20,21], similarly interacted with 
MurAc and MurNAc. Owing to their ability to recog- 
nize MurAc and, at a lesser extent, MurNAc and Glc- 
NAc, which are components of peptidoglycans of the 
cell wall of bacteria and especially of the Gram+ bacte- 
ria, Iegume lectins are susceptible to interact with va- 
rious microorganisms. This interaction could be of im- 
portance in relation to the behaviour of microorganisms 
present in soils to:vards their plant partners, e.g. to 
promote their saprophytic, symbiotic or pathogenic 
propensities. 
REFERENCES 
[I] Goldstein, I.J. and Poretz, R.D. (1986) in: The Lectins. Proper- 
ties, Functions, and Applications in Biology and Medicine (Lie- 
ner, I.E., Sharon. N. and Goldstein. I.J. eds) pp. 33-247. Acadc- 
mic Press, New York. 
[2] Wu, A.M.. Sugii. S. and Herp. A. (1988) in: Lectins. Biology. 
[31 
t41 
151 
Biochemistry, Clinical Biochemistry (Bog-Hansen. T.C. and 
Freed, D.L.J., eds.) vol. 6. pp. 723-740. Sigma Chemicals Co.. 
Saint-Louis. MO. 
Bevcridge. T.J. (1981) in: International Review of Cytology 
(Bournc, G.H. and Danielli, J.F.. eds) vol. 72. pp. 229-317, Aca- 
demic Press, New York. 
Lis, H. and Sharon, N. (1981) in: Biochemistry of PIants(Stumpf. 
P.K. and Corm. E.E., eds) vol. 6. pp. 371-447. Academic Press. 
New York. 
Lis, H. and Sharon, N. (1986) in: The Lcctins. Properties. Func- 
tions, and Applications in Biology and Medicine (Licner, I.E., 
Sharon, N. and Goldstein I.J.. eds) pp. 293-370, Academic Press. 
New York. 
[6] Agrawal, B.B.L. and Goldstein. LJ. (!967) Biochim. Biophys. 
Acta 147, 262-271. 
[7l Rouge. P. and Sousa-Cavada, B. (1984) Plant Sci. Lett. 37.21-27. 
[8] Chatelain. C.. Ayouba. A. and Rouge. P. in: Lectins, Biology. 
Biochemistry, Clinical Biochemistry (Kallikorm. A. and Freed, 
D.L.J., eds) vol. 8, Sigma Chemicals Co., Saint-Louis MO. in 
press. 
[9] Allen. A.K. and Neuberger. A. (1975) FEBS Lett. 50,362-364. 
[IO] Derewenda. Z.. Yariv. J.. Helliwell. J.R.. Kalb (Gilboa). A.J., 
Dodson, E.. J.. Papiz. M.Z., Wan. T. and Campbell, J. (1989) 
EMBO J. 8. 2189-2193. 
[I I] Boume, Y., Roussel. A.. Frey. M.. Rouge, P., Fontccilla-Camps, 
J.C. and Cambillau. C. (1990) Proteins 8. 365-376. 
[IZ] Allen, A.K. and Neuberger, A. (1973)Biochem. J. 135.307-314. 
[I31 Desai, N.N.. Allen, A.K. and Ncuberger. A. (1981) Biochem. J. 
197. 345-353. 
[I41 Lotan. R.. Lis. H. and Sharon, N. (1975) Biochem. Bionhys. Res. . _ 
Commun. 62. l&150. 
u51 
1161 
1171 
[I81 
1191 
WI 
PII 
Allen, A.K., Neuberger. A. and Sharon. N. (1973) Biochem. J. 
131. 155-162. 
Nowak, T.P. and Barondes, S.H. (1975) Biochim. Biophys. Acta 
393. 115-123. 
Brandin, E.R. and Pistole. T.G. (1983) Biochcm. Biophys. Res. 
Commun. 113.61 I-617. 
Matsumoto. 1.. Yamaguchi. H.. Seno. N.. Shibata, Y. and 
Gkuyama, T. (1982) in: Proceedings of the 2nd Chitin Chitosan 
International Conference. Jpn. Sot. Chitin Chitosan. Tottori. pp. 
165-170. 
Cassels. F.J. and Vasta. G.R. (1990) in: Abstracts of the 12th 
International Lcctin Conference no. 28. September9-14, Univer- 
sity of California. Davis CA. 
Vasta, G.R. and Cohen, E. (1984) J. lnvertebr. Pathol. 43. 226 
233. 
Vasta. G.R. and Cohen. E. (1984) J. Invertebr. Pathol. 43. 333- 
342. 
104 
